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ATTEMPT TO DEMONSTRATE THE EXISTENCE 
OF CHEMICALLY BOUND NEUTRONS 

by 

Sherman Fried, Arnold Friedman, 
and Morris Wahlgren 

ABSTRACT 

T. J. Grant and J. W. Cobble have reported the de
layed ennission of neutrons from a cooled (4°K) crystal of 
LiF which contained trapped electrons and which had been 
exposed to the neutron beam from a Cocker oft-Walton gen
erator . When the irradiated crystal was removed from the 
liquid-helium cooling bath and allowed to warm up in a neu
tron counter, approximately two neutrons could be observed 
per experinment. These neutrons were emitted at a rate cor
responding to a half-time in LiF of approximately 30 sec. 
These experiments suggested that the neutrons from a 
Cockcroft-Walton generator were somehow bound in the LiF 
crystal at low temperatures and were released as the c rys 
tal became warm. Attempts were made to duplicate these 
experiments using conditions as nearly identical as possible, 
even to the extent of using a LiF crystal supplied by Grant and 
Cobble. No effect such as they describe could be observed. 

INTRODUCTION 

In a 1969 paper. Grant and Cobble reported the observation that 
neutrons could apparently be stored in cooled crystals of LiF that contained 
large numbers of F centers . Other investigators " have reported unsuc
cessful attempts to duplicate these experiments. However, where Grant and 
Cobble used moderator 14-MeV neutrons from a Cockcroft-Walton genera
tor, other experimenters used nnoderated thermal neutrons from a reactor 
or from a cyclotron reaction. On the assumption that differences in the 
moderated neutron spectra could account for the reported discrepancy in 
resul ts , we attempted to duplicate as closely as possible the experiment of 
Grant and Cobble 

During our experiments, we were in communication with Profes 
sor Cobble, and his cooperation was greatly appreciated. 





E X P E R I M E N T A L P R O C E D U R E 

The e x p e r i m e n t s can be d iv ided into two s e t s . 

Set I 

In the f i r s t s e t of e x p e r i m e n t s , the m o d e r a t o r u s e d was a 2 3 - i n . -
d i a m pa ra f f in c y l i n d e r with a 5- in . we l l in the c e n t e r . A q u a r t z dewar f lask , 

p l a c e d in the wel l , was the a c t u a l c o n t a i n e r 
for the L i F c r y s t a l du r ing r u n s . The configu
r a t i o n is shown in F ig . 1. 

When the m o d e r a t o r was p l a c e d in p o 
s i t ion a s shown, it was cooled to l iquid-
n i t r o g e n t e m p e r a t u r e s as m e a s u r e d by a 
t h e r m o c o u p l e i m b e d d e d in the paraf f in . The 
flux, as m e a s u r e d by the ac t i va t ion of a gold 
w i r e , a s s u m i n g a l l the n e u t r o n s w e r e m o d 
e r a t e d to 77°K, v a r i e d be tween 1 and 1.3 x 
10 n cm" s e c " . The d e t e c t o r s in t h e s e ex 
p e r i m e n t s w e r e two h i g h - p r e s s u r e ^He-f i l led 
p r o p o r t i o n a l c o u n t e r s , a p p r o x i m a t e l y 1 x 
10 c m , a r r a n g e d p a r a l l e l to each o the r in such 
a way tha t the e x p o s e d c r y s t a l could be d r a w n 
b e t w e e n t h e m . Th i s gave a count ing g e o m e t r y 
of about 3%. This was the s a m e count ing s y s 
t e m u s e d by K r o h n et al.^ 

Dur ing an i r r a d i a t i o n , the q u a r t z 
d e w a r was f i l led with l iquid h e l i u m and then 
p l a c e d in the wel l in the cooled m o d e r a t o r , 
which was p a r t i a l l y f i l led and m a i n t a i n e d with 
l iquid n i t r o g e n . The c r y s t a l , on a s t r i n g , w a s 

p r e c o o l e d in the l iquid n i t r o g e n b e f o r e be ing i m n n e r s e d in the l iquid h e l i u m 
of the q u a r t z d e w a r . At the end of a p e r i o d of r ad i a t i on , the C o c k c r o f t -
Walton was t u r n e d off and the s t r i n g w a s pul led , d r awing the c r y s t a l r a p i d l y 
f r o m the l iqu id h e l i u m into con tac t with the d e t e c t o r s 5 ft away. Th i s could 
e a s i l y be a c c o m p l i s h e d wi th in 5 s e c . Since the nnodera to r and the d e t e c t o r s 
w e r e i n s i d e the C o c k c r o f t - W a l t o n cave , whi le the e l e c t r o n i c s and c o n t r o l s 
w e r e o u t s i d e , t h i s a r r a n g e m e n t e n a b l e d us to s t a r t count ing m u c h f a s t e r 
than the 3 0 - s e c i n t e r v a l r e q u i r e d by G r a n t and Cobble and o the r e x p e r i 
m e n t e r s . The L i F c r y s t a l s in t h e s e e x p e r i m e n t s w e r e both n o r m a l l i t h ium 
f luo r ide and e s s e n t i a l l y p u r e L i F . The g a m m a i r r a d i a t i o n s u s e d to nnake 
the F c e n t e r s in t h e s e c r y s t a l s w e r e c a r r i e d out us ing a Co s o u r c e o r the 
A r g o n n e L i n a c . 

Fig. 1. Diagram of Experimental 
Arrangement 





Set II 

Professor Cobble was kind enough to lend us a normal LiF crystal , 
which had yielded "bound neutrons" in his laboratory. This crystal was 
about 1 x 3 x 0.1 cm and was wrapped with plastic tape. For these experi
ments, a smal ler moderator was built which more or less matched the 
moderator that Cobble used in experiments with this crystal . Gold wires 
were i r radiated in our Cockcroft-Walton accelerators and exchanged so 
that the fluxes for counting were matched within 5%. To increase the ge
ometry, we replaced the high-pressure ^He tubes by a low-pressure 3 x 
10-in. He tube, which resulted in a calculated geometry of 11%. 

The electronics were improved so that each pulse in the energy band 
covering the neutron spectrum was recorded simultaneously on a multi
channel analyzer as well as on a scaler. This allowed better discrimination 
against nonneutron pulses. The time of arr ival of each individual pulse was 
recorded. 

RESULTS 

Table I summarizes the results of the experiments in the first set. 
As indicated in row A, the average of 19 experiments with all crystals con
taining F centers was 1.05 ± 0.3 counts per run, this average being essen
tially the same for all crysta ls used. Row B shows the backgrounds obtained 
immediately after each run by cooling the crystal in liquid helium and 
raising it to the counter without exposure to neutrons. The average count is 
0.82 ± 0.2 per run. However, 10 neutron irradiations were made using LiF 
crysta ls containing no F centers . The result, as indicated in Row C, was 
0.2 ±0 .15 count/run. Backgrounds obtained in the same manner as above 
on these crysta ls a re indicated in Row D and were 0.4 ± 0.2 count/run. 

TABLE I. Summary of Irradiation Results 

Flux, Neutrons Observed, 
Material Irradiated n cm~^ sec"^ count/run 

A. Crystals containing f centers 1.3 x 10^ 1.05 ± 0 . 3 

B. Crystals containing f centers No neutrons 0.82 ± 0.2 

C. No f centers 1.3 xlO*" 0.2 ±0.15 

D. No f centers No neutrons 0.4 ± 0.2 

When the output of the amplifier was examined with an oscilloscope, 
one-third to one-half of the pulses occurring from crystals containing F 
centers were of abnormal shape and oscillatory rather than single pulses. 
These spurious pulses may have been caused by sonic vibrations due to 
relief of s trains while warming. Before proceeding with the experiments of 
Set II, we modified the electronics to reject these pulses. 





T a b l e I I s u m m a r i z e s t h e r e s u l t s o b t a i n e d i n t h e s e c o n d s e t of e x p e r i 

m e n t s . W i t h i n s t a t i s t i c a l u n c e r t a i n t y , t h e r e i s n o d i f f e r e n c e b e t w e e n t h e r e 

s u l t s o b t a i n e d w i t h t h e L i F c r y s t a l a n d t h e b l a n k . T h e d e l a y e d - n e u t r o n 

e v e n t s i n t h e b l a n k a p p a r e n t l y o r i g i n a t e i n t h e s u r r o u n d i n g e n v i r o n m e n t , n o t 

n e c e s s a r i l y t h e m o d e r a t o r . T h e s e e v e n t s d e c a y e d w i t h a b o u t a 1 0 - s e c h a l f -

l i f e . F i g u r e 2 i n d i c a t e s t h e d e c a y r a t e s of b o t h t h e c r y s t a l a n d b a c k g r o u n d 

e v e n t s . 

TABLE II. Effect of Delay in C o m m e n c e m e n t of Counting 

M a t e r i a l I r r a d i a t e d Counting Rate , c o u n t / s e c 

A. C r y s t a l i r r a d i a t e d ; counted 5-15 sec 
af ter i r r a d i a t i o n 

B. C r y s t a l i r r a d i a t e d ; counted 15-90 sec 
af ter i r r a d i a t i o n 

C. C r y s t a l i r r a d i a t e d ; counted 30-90 sec 
af ter i r r a d i a t i o n 

0.16 ± 0.05 

0.013 ± 0.005 

0.007 ± 0.004 

Background 

D. M o d e r a t o r alone i r r a d i a t e d ; counted 
5-15 sec af ter i r r a d i a t i o n 

E. M o d e r a t o r alone i r r a d i a t e d ; counted 
15-90 sec af ter i r r a d i a t i o n 

F . M o d e r a t o r a lone i r r a d i a t e d ; counted 
30-90 sec af ter i r r a d i a t i o n 

0.025 ± 0.05 

0.017 ± 0.005 

0.007 ± 0.004 

1—\—\—\—\—\—\—\—r 

Fig. 2 

Decay of Neutron Emission 





DISCUSSION 

In neither set of experiments could a significant difference be found 
between background runs and those with crysta ls . In the experiments de
scribed for Set I, the excess over background (measured by crystals without 
F centers) is apparently due to less refined electronics. In Set II, although 
a short- l ived neutron decay was seen, there is no significant difference be
tween the background and the crys ta ls . 

The only remaining difference between our work and Grant and 
Cobble's is the fact that they used a Lil scintillation detector instead of a 
'He detector. It is therefore possible that the differences in the observa
tions between them and ourselves is due to the counting equipment. 
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